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FLAME RETARDANT COMPOSITIONS 

The present invention is directed to a method of flame retarding a polymeric sub- 
strate using a specific group of compounds as flame retardants, to flame retardant 
5 compositions as well as to novel con:q)ounds usable as flame retarding compounds. 

Background of the Invention 

Typically, inorganic and organic flame retardant (FR) compounds have been used 
for flame retarding various type of polymers. The main types of FR's include halo- 
genated hydrocarbons, phosphorous containing compounds, metallic compounds 
10 such as metal oxides and hydroxides, and melamine derivatives. Halogenated FR*s 
are very commonly used due to their effectiveness. Nevertheless, the use of halo- 
genated compounds has generally become of an environmental concern. 

To diminish the problems relating to halogenated FR's synergists are often used in 
combination with halogenated FR's. Synergists are compounds which enhance the 

15 flame retarding properties of the halogenated FR's and thus enable to use the halo- 
genated PR's in substantially reduced amounts. Synergistic conq>ounds racoinpass 
a group of compounds known as "free radical initiators" which include organic per- 
oxide (see e.g. US 3058926), dibenzyl (see e.g. US 3271333 and US 3420786), di- 
sulfide (see e.g. US 3284544), hydrazone (see e.g. US 3269962), and azo com- 

20 pounds (see e.g. US 4237179, US 3897373, US 4486347 and FR 1425563). See 
also US 347204, US 3296340, GB 1015217, US 4337319, WO 03046016, US 
4710528, EP 1239005, Accordingly, the synergists are used only in combination 
with other FR's, and typically witii said halogenated PR's, and/or they may be halo- 
genated by themselves- The azo compoimds have been used e.g. as an azo dye with 

25 an additional function as a FR synergist, and typically complexed with a metal, e.g. 
Cu or Cr. 

Many of these free radical initiators have also been used for other purposes, i.a. for 
controlling certain properties of a polymer during a polymerisation process or for 
grafting a polymer, as foaming agent or as dyes as mentioned above etc. (see US 
30 5079283, WO 00/19452, US 3826764 and also EP 402 904 and EP 0073488). 
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Non-halogenated N-hydrocarbyloxy hindered amines (NOR-hindered amines) have 
also been proposed for solving the problem. These can be used alone, e.g. in place 
of halogenated FR's, or as a synergist for FR applications (see e.g. WO 99/00450). 

There still exists a high demand for effective non-halogenated flame retarding com- 
5 pounds, which would provide an industrially and environmentally desirable alterna- 
tive for the halogenated FR concq>ounds. 

Object of the Invention 

The object of the present invention is to provide further non-halogenated com- 
pounds which are free from heavy metals and can be used as effective flame retar- 
10 dants as such, e.g. in place of the conventional FR compounds, such as halogenated 
FR's. 

Detailed Description of the invention 

The inventors have unexpectedly found that a specific group of non-halogenated 
azo, hydrazine and peroxide derivatives show themselves flame retarding efficacy 
15 when used e.g. in polymeric applications, i.e. they need not to be combined e.g. 
witii other FR's, such as conventional organic or inorganic halogenated FR com- 
pounds or with phosphorous, antimony or metal hydroxide FR compounds. Advan- 
tageously, they can be used in place of the halogenated, e.g. the conventional bro- 
minated or chlorinated FR's. 

20 The present finding is surprising, since in the prior art ''free radical initiators", i.e. 
dibenzyl, peroxide, azo etc. compounds known.in the field are disclosed to be useful 
only in combination with other, particularly with halogenated, FR's. According to 
the prior art they act by enhancing the properties of the halogenated FR's. Thus, the 
now found FR efficacy of the present compoimds is a new property which is con- 

25 trary to the prior art teaching or belief. More surprisingly, the compounds of the in- 
vention possess FR activity at industrially acceptable levels, althougjh they are non- 
halogenated. Furthermore, the FR efficacy can be achieved in desirable low 
amounts of the present compounds, and, advantageously, if needed, even higher 
amotmts can be used without impairing the properties of the polymer in the FR 

30 compositions of the invention. 

The features of the invention are defined in claims. 
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Accordingly, the invention provides a group of compounds of formula (I'), which 
bear a specific -Z1-Z2-Z3- functionality and contain no halogen substituents with 
surprisingly good FR efficacy for flame retarding polymeric substrate. Said FR 
activity has not been disclosed in the prior art for the said compoimds: 

5 The present non-halogenated compoimds have the formula (I'): 

R4R3R2C-Zi-Z2-Z3(R2)rR3R4 GO 

wherein Z] and Z2 areboth NRi andZa is C orN; or Zi and Z2 are both O and Z3 is 
C; r is 0, when Z3 is N, and r is 1 j» when Z3 is C; 

the two R] 's form together a bond or each R] is independently H or forms a bond 
10 together with R2 present at the adjacent C-atom or, respectively, Z3; 

each R2 independently forms a bond or is a monovalent radical as defined for R3 
and R4 below; 

each R3 and R4 is ind^endently a monovalent radical selected from H, optionally 
substituted alkyl, optionally substituted alkyl interrupted with one or more O, N 

15 and/or S atom(s), optionally substituted cycloaUcyl, optionally substituted cycloal- 
kylalkyl, optionally substituted aryl, optionally substituted arylallcyl, optionally sub- 
stituted alkoxy(alkyl)n, optionally substituted aryloxy(alkyl)n, optionally substituted 
arylalkyloxy(alkyl)n, optionally substituted alkenyl, optionally substituted alkeny- 
03Q^(alkyl)n, optionally substituted alkynyl, optionally substituted alkyny- 

20 loxy(alkyl)n, optionally substituted heterocyclyl(0)s(alkyl)n with one to four hetero 
atoms selected independently fi-om N, O and S; R-Y-C(0)-(alkyl)„ or R-C(0)-Y- 
(alkyl)n, wherein R is H, or all<yl, alkenyl, cycloalkyl, aryl or heterocyclyl as de- 
fined above, each of which is optionally substituted, Y is O or NH; 

or at one or both of the C-atom and Z3, as given in the above formula (I*), R3 and 
25 R4 form together with said C-atom or, respectively, Z3, wherein they are attached to, 
an optionally substituted, saturated, partially saturated or aromatic, mono- or poly- 
cyclic ring system of 5 to 20 carbon and, optionally, hetero ring atoms, whereby the 
optional hetero ring atoms are selected firom N, O and/or S; and R2 is a monovalent 
radical as defined for R3 and R4 above, or forms a bond between the C-atom and Zi 
30 or, respectively, between Z3 and Z2, or fonns a bond in the ring system formed by 
R3 and R4 between said C-atom or, respectively, Z3, and a ring atom adjacent 
thereto; 
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each s and n is independently 0 or 1; 

or Z3 forms together with R2, if present, R3 and R4, which are attached thereto, a 
group —R'5([Zi-Z2-R^-]icZi-Z2-R5-H)t, wherein each R'5 and R5 is independently op- 
tionally substituted alkyl, optionally substituted alkyl interrupted with one or more 
5 N, O and/or S, optionally substituted cycloalkyl, optionally substituted cycloalky- 
lalkyl, optionally substituted cycloalkylalkylcycloalkyl, optionally substituted aiyl, 
optionally substituted arylalkyl, optionally substituted arylalkylaryl, optionally sub- 
stituted heterocyclyl, optionally substituted heterocyclylalkyl or optionally substi- 
tuted heterocyclylalkylheterocyclyl, each independently has a meaning as given 
10 for R'5 and Rs above, Zi and Z2 are each independently as defined above, t is 1-3 
and k is chosen so that tiie molecular weigiht of the resulting compound of formula 
(I') is within 200 to 10000 g^mol, e.g, k is 0-500; 

or Z3 together with R2, if present, R3 and R4, which are attached thereto, represent a 
linking group -Rg- to form R2R3R4C-Zi-Z2-R8-[U]x which denotes a recurring stmc- 
15 tural unit of a polymer, wherein R« is a linking bond or alkyl, cycloalkyl, heterocy- 
clyl or aryl; 
U is [-CH2-CR'-]x ; or 

I 

o ; R' is H or alkyl and x is 2-500, e.g. 2-200; 

20 or the two R3*s, as given in the above formula (I'), form together with flie -(R2R4)C- 
Zi-Z2-Z3((R2)rR4)- moiety an optionally substituted, saturated, partially saturated or 
aromatic, mono- or polycyclic ring system of 5 to 20 carbon and, optionally, further 
hetero ring atoms, whereby the fiirther hetero ring atoms are selected from one or 
two of N, O and/or S; and wherem Zi to Z3, r and R2 to R4 are as defined above; 

25 and the compound of formula (I') is selected from the following compounds of for- 
mulae (II)-(IV): 

a confound of formula (II) 

R4R3R2C-NR1-NR1-CR2R3R4 (II) 

wherein the two Ri 's form together a bond, or each Ri independently is H or forms 
30 a bond together with R2 present at the adjacent C-atom as defined above; 
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a compound of formula (IIQ 

R4R3R2C-NR1-NR1-NR3R4 (m) 
wherein the two Ri 's form together a bond; or 
a conq>ound of formula (IV) 

5 RiR3R2C-0-0-CR2R3R4 (IV) 

wherein in the above formulae (II)-(IV) Ri to R4 are defined as above; 

as well as use of an oxide of N as Z1-Z3, a salt, an ester or an amide thereof or of a 
mixture of two or more compounds of formula (I*) as defined above. 

Generally, a group or a moiety of a group in the definitions of the substituents. La. 

10 R2 to R^, R'55 Rs, R» said ring system formed by R3 and R4 and by the two R3's, is 
optionally substituted with one or more, e.g. 1-5, such as 1-3, substituent(s). Such 
"optional substituents" may be selected independently e.g. firom alkyl, alkenyl, al- 
kynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkoxy, aryloxy, heterocyclyl, - 
N(R)2 wherein each R is independently as defined above, =0, -OH, -SH, COOH, R- 

15 Y-C(0)-(alkyl)n, R-C(0)-Y-(alkyl)„, wherein R, Y and n are as defined above. Pre- 
ferred "optional substituents" include -OH, -NH2, -COOH, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkyl-C(0)-0-, alkenyl-C(0)-0-, such 
as acrylate, and/or alkyl-O-C(O)-. Any cycloalkyl, aryl or heterocyclyl as said "op- 
tional substituent" is also optionally substituted with an "optional substituenf ' as 

20 defined above, e.g. with 1-3 OH, alkyl and/or alkenyl, such as CH2=CH-. In a fiir- 
ther subgroup any optional substituents are as defined above except aryl or het- 
eroaryl. 

The present invention covers all the possible stereoisomers of the compounds (I') 
including cis and trans isomers, and any mixtures of the isomers, such as trans iso- 
25 mers or mixtures of trans and cis isomers. The individual isomers may be obtained 
e.g. by using corresponding isomeric forms as the starting material or by separating 
the desired isomer firom a mixture of end products using conventional separation 
methods. 



30 



One preferable group of the compounds (I*) are confounds of formula (1), wherein 
at least at one of the C-atom and Z3, as depicted in the above formula (I'), R3 and R4 
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are independently other than H and R2 is H or a bond. Accordingly, the compounds 
(I) bear said specific substituent pattern at least at the C-atom or at Zj, or at both. 
The compounds (I) have not been disclosed in the prior art as possessing any FR nor 
synergistic FR activity. 

S Below are listed further definitions for the substituents defined in formula (V), 
which can be used alone or in any combinations for defining more specific prefer- 
able subgroups of formula (I') or (I), or of any other formvda given below: 

The invention covers acyclic compounds (F) or (I), for example those, wherein each 
R3 and R4 are independently a monovalent radical as defined above, or form to- 

10 gether with Zi a monovalent radical as defined above, or form together with C- 

atom and/or Zi, wherein they are attached to, a ring system. The invention also cov- 
ers cyclic compoimds (I') or (I), i.e. the two Rs's form together a ring system as de- 
fined above. TTie compound of formula (II) or (IH) includes an acyclic or a cyclic 
azo compound, hydrazine, hydrazone, azine or triazene, or an oxide of an azo com- 

15 poimd; and the compoimd of formula (IV) includes an acyclic or cyclic peroxide. 

In a further subgroup, the compoimds of formula (I') or (I) are acyclic with respect 
to -ZrZ2- and symmetrically substituted, i.e. R2, R3 and R4 at the C-atom are the 
same as at the Za-atom, or unsymmetrically substituted, i.e. C-atom and Z3 are dif- 
ferently substituted. One group of the useful compounds (I') or (I) include the un- 
20 symmetrically substituted con:]poimds. 

In another subgroup, s is 0 and n is 1, or s is 1 and n is 0. Altematively, n and s are 
both 1 or 0, e.g. 0. 

The ring system "R3 and R4 form together with said C-atom or, respectively, Z3, 
wherein they are attached to, an optionally substituted, saturated, partially saturated 
25 or aromatic, mono- or polycyclic ring system of 5 to 20 carbon and, optionally, 
hetero ring atoms, whereby the optional hetero ring atoms are selected firom N, O 
and/or S" can be mono.-, bi- or polycyclic ring system and includes cycloalkyl, aryl 
and heterocyclyl ring systems, preferably of 5-16 ring atoms. Suitably said ring sys- 
• ' tem is a "cycloalkyl" as defined below, suitably a saturated or partially saturated 
30 mono- or bicyclic cycloalkyl as defined above. In case R3 and R4 form a hetero 
ring, it is preferably ^lieterocyclyl" as defined below, and includes e.g. 1-4 hetero 
ring atoms, such as 1 or 2 O and/or, preferably, N atoms. 
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The definition 'the two Ra's, as giv«a in the above formula (I), fonn together with 
the -(R2R4)C-ZrZ2-Z3((R2)rR4)- moiety an optionally substituted, saturated^ par- 
tially saturated or aromatic, mono- or polycyclic ring system of 5 to 20 carbon and, 
optionally, further hetero ring atoms, whereby the fiorther hetero ring atoms are se- 
5 lected from one or two of N, O and/or S" can be mono-, bi- or polycyclic system of 
5-16 ring atoms, e.g. carbon atoms, e.g. monocyclic ring of 5-12 ring atoms, and 
contains no further hetero atoms, or 1 or 2 further hetero atoms, e,g. N atoms. 

When Z3 forms together with R2, if present, R3 and R4, which are attached thereto, a 
group -R'5([-ZrZ2-R6-]kZi-Z2-R5-H)t, then preferably each K's and R5 independ- 

10 ently is optionally substituted alkyl, optionally substituted cycloalkyl, optionally 
substituted cycloalkylalkyl, optionally substituted aryl, optionally substituted ary- 
lallsyl, optionally substituted heterocyclyl or optionally substituted heterocyclylal- 
kyl; each Re independently is optionally substituted alkyl, optionally substituted al- 
kyl interrupted with one or more N, O and/or S, optionally substituted cycloalkyl, 

15 optionally substituted cycloalkylalkyl, optionally substituted cycloalkylalkylcy- 

cloalkyl, optionally substituted aryl, optionally substituted arylalkyl, optionally sub- 
stituted arylalkylaryl, optionally substituted heterocyclyl, optionally substituted het- 
erocyclylalkyl or optionally substituted heterocyclylalkylheterocyclyl, each -Z1-Z2- 
• are -NRi-NRp, preferably -N=N-, t is I or 2, preferably 1, and k is as defined 

20 above. In another subgroup k is between 0-50, or between 0-10. '*t is 1-3" means 
that R's may be substituted with 1-3, e.g. 1 or 2, such as 1, substituent(s) -[ZpZi- 
R^-]kZrZ2-R5-H. In one preferable subgroup of the present compounds each R'5 and 
R5 have the same meaning or different meaning; each -Z1-Z2- have the same mean- 
ing and^or each R^ have the same meaning; suitably each R'5 and R5 have the same 

25 meaning or different meaning, e.g. the same meaning, each -ZrZ2- have the same 
meaning and each R^ have the same meaning. 

When Z3 together with R2, if present, R3 and R4 represents a linking group -Rg- to 
form which is a R2R3RtC-Zi-Z2-R8-[U]x which denotes a recurring structural imit of 
a polymer as defined above and x is 2-500, e.g. 2-200, then preferably said repeat- 
30 ing structural unit is part of an alpha-olefin copolymer, e.g. a copolymer of ethylene 
with alpha-C3. olefin, e.g. propylene, or of ethylene or propylene with alkyl acrylate 
or methacrylate, such as a copolymer of ethylene with elhylacrylate. 

In a fiirther subgroup of the invention the compounds of formula (J) have the for- 
mula (II) as defined above, preferably the compounds have a formula 
35 R4R3R2C-N=N-CR2R3R4 (Ha). 
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In a still further subgroup, the compounds of fonnula (I*) or 00, preferably (II)/(na), 
are acyclic and R3 and R4 at the same C-atom form together therewith an optionally 
substituted, saturated, partly saturated or aromatic, mono- or polycyclic ring system 
as defined above or below, and R2, R3 and R4 at Zi are independently a monovalent 
5 radical as defined above, e.g. alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 

whereby preferably R2 is H; or Zi, R2, R3 and R4 form together -R'5([Zi-Z2-R6-]kZi- 
Z2-R5"H)t as defined above or below; wherein each of said groups or moieties in 
said groups defined for said substituents is unsubstituted or substituted independ- 
ently with 1-3 "optional substituents" as defined above. 

10 Examples of the compounds of formula (II) include bis(cylcoalkylazocycloalkyl)- 
alkane, cycloalkylalkylazoalkane, arylalkylazoarylalkane, cycloalkylazoalkane, 
cycloalkylazocycloalkane, arylazoalkane and arylazoaryl compounds, preferably 
forai bis(cylcoallQrlazocycloaIkyl)alkane, cycloalkylazoalkane or cycloalkylazo- 
cycloalkane, wherein any of the alkyl-, aryl~, arylalkyl-, cycloalkyl- and cycloalky- 

15 lalkyl is optionally substituted with 1-3 "optional substituents" as defined above. 

A further smtable subgroup of compounds (I') are compounds of formula (lib): 
R4R3R2C-N=N-CHR'3R'4 (lib) 

wherein one or both of (R3 and R4) and (R'3 and R'4) form together with said C- 
atom, wherein they are attached to, an optionally substituted, saturated, partially 

20 saturated or aromatic, mono- or polycyclic ring system as defined above, preferably 
' said ring system is selected from phenyl, mono- or bicyclic cycloalkyl of 5- 16 C- 
atoms or mono- or bicyclic heterocyclyl of 5-16 ring atoms with 1-4 N, O and/or S 
atoms; or each R3 and R4 and/or each R*3 and R'4 are independently H, alkyl, al- 
kenyl, alkynyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl or hetero- 

25 cyclylalkyl, wherein the cycloalkyl and heterocyclyl as a group or part of a group is 
mono- or bicyclic ring with 5-16 C-atoms; or and R2 is H or a bond in said ring sys- 
tem between said C-atom and a ring atom adjacent thereto; 

or C-atom denotes together with H, R'3 and R*4, which are attached thereto, a 
group -R'5([Zi-Z2-R6-]kZrZ2-R5-H)t as defined above, preferably each R'5 and R5 is 
30 mdependently alkyl, cycloalkyl, cycloalkylalkyl, aiyl, arylalkyl, heterocyclyl or het- 
erocyclylalkyl; each Rg independently is alkyl, alkyl interrupted with one or more 
N, O and/or S, cycloalkyl, cycloalkylalkyl, cycloalkylalkylcycloalkyl, aryl, arylal- 
kyl, arylalkylaryl, heterocyclyl, heterocyclylallqrl or heterocyclylalkylheterocyclyl. 
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each -Zi-Za- are -NRi-NRi-, preferably ~N=N-, t is 1 or 2, preferably 1, and k is as 
defined above; 

whereby each group or a moiety of a group defined as variants for R3, R4, R'3, 
R*5, R5 and Re optionally substituted independently with 1-3, e.g. 1, of -OH, -NH2, - 
5 COOH, alfcjrl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkyl- 
C(0)-0-, aIkenyl-C(0)-0-, such as acrylate, and/or alkyl-0-C(0)-, whereby 
cycloallQ^l and/or aryl moiety as or in said optional substituents is optionally substi- 
tuted with alkyl, -OH, or alkenyl, suitably with CH2=CHs as well as an oxide(s) at 
the azo moiety, a salt, an ester or an amide thereof. 

10 As a further suitable subgroup are con^poimds of formula (lib), wherein R3 and R4 
form together with the C-atom a mono- or bicyclic cycloalkyl of 5-16 C-atoms, or 
R2 and R3 are H and R4 is aryl, arylalkyl, mono- or bicyclic cycloalkyl, mono- or bi- 
cyclic cycloalkylalkyl, wherein cycloalkyl as a group or as a moiety of a group has 
of 5-16 C-atoms, and the other C-atom forms together with H, R*3 and R'4 a group 

15 -R'5([Zi-Z2-R6-]kZrZ2-R5-H)t, wherein R'5 and R5 are different or the same and se- 
lected firom alkyl, allq^l interrupted with one or more O, ,N and/or S, aiyl, arylalkyl, 
mono- or bicyclic cycloalkyl, mono- or bicyclic cycloalkylalkyl, wherein cycloalkyl 
as a group or as a moiety of a group has of 5-16 C-atoms, each Rs are the same and 
selected from alkyl, alkyl intermpted with one or more O, N and/or S, aryl, arylal- 

20 kylaryl, mono- or bicyclic cycloalkyl, mono- or bicyclic cycloalkylalkylcycloalkyl, \ 
wherein cycloalkyl as a group or as a moiety of a group has of 5-16 C-atoms, each 
Z1-Z2 are -N=N-, k and t are as defined above, e.g. k is 1 and t is 1; wherein each 
variant or a moiety of a variant is independently optionally substituted as defined 
under formula (lib) above. 

25 The invention fiuther provides compoimds of foimula (He) 

R4R3R2C-N=N-CHR'3R'4 (He) 

wherein R3 and R4 form together with said C-atom, wherein, they are attached to, an 
optionally substituted, saturated or partially saturated, mono- or polycyclic ring sys- 
tem as defined in claim 1, preferably said ring system is selected firom mono- or bi- 
30 cyclic cycloalkyl of 5-16 C-atoms or mono- or bicyclic heterocyclyl of 5-16 ring at- 
oms with 1-4 N, O and/or S atoms; or each R3 and R4 are independently alkyl, al- 
kenyl, alkynyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl or hetero- 
cyclylalkyl, wherein the cycloalkyl and heterocyclyl as a group or part of a group is 
mono- or bicyclic ring with 5-16 ring atoms; or R3 is H and R4 is as defined above; 
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and R2 is H or a bond in said ring system between said C-atom and a ring atom ad- 
jacent thereto; 

and C-atom denotes together wifli H, R'3 and R'4, which are attached thereto, a 
group -R'5([Zi-Z2-R^-]icZi-Z2-R5-H)t, wherein each R'5 and R5 is indq}endently al- 
5 kyl, alkyl interrupted with one or more O, N and/or S, cycloalkyl, cycloalkylalkyl, 
arylalkyl, heterocyclyl or heterocyclylalkyl; each R^ independently is alkyl, alkyl 
interrupted with one or more N, O and/or S, cycloalkyl, cycloalkylalkyl, cycloalky- 
lalkylcycloalkyl, arylalkyl, arylalkylaiyl, heterocyclyl, heterocyclylalkyl or hetero- 
cyclylalkylheterocyclyl, each -Z1-Z2- are -NRi-NRi-, preferably -N=N-, t is 1 or 2, 
10 preferably 1, and k is as defined above; whereby 

each group or a moiety of a group defined as variants for R3, R^, R'3, R'4, R»5 and 
R6 is optionally substituted independently with 1-3, e.g. 1, of -OH, -NH2, -COOH, 
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkyl-C(0)-0-, 
alkenyl-C(0)-0-, such as acrylate, and/or alkyl-O-C(O)-, whereby cycloalkyl and/or 
15 aryl moiety as or in said substituents is optionally substituted with alkenyl, such as 
CH2=CH-; 

as well as an oxide(s) at the azo moiety, a salt, an ester or an amide thereof; 

with tihte proviso that in the con^oxmds (lie), (a) R5 is other than metiiyl, and (b) 
when R'5 is other than triazine, then the bridge formed by R^ moiety between the 
20 two successive -Zi-Z2- moieties separates said two -Z1-Z2- moieties by 4 or more 
bridge atoms. 

Accordingly, in a further subgroup, especially when R'5 is other than triazine, then 
if R6 is a chain, e.g. alkane, it is at least C4-alkane, and if R^ is a divalent ring sys- 
tem, the length of bridge formed by the part of the ring is at least 4 atoms, e.g. C5. 
25 8cycloalk-l,4-diyL These compounds (He) are novel and form part of the invention. 

Examples of compoimds of formula (lib) include: 

bis(cycloalkylazocycloalkyl)alkane, arylazoalkanes, arylazoarylalkanes, arylazo- 
cycloalkanes, aiylazocycloalkylalkanes, cycloalkylazocycloalkanes and alkylazoal- 
kanes, and compounds of formula (He) include bis(cycloalkylazocycloalkyl)alkane; 
30 each optionally substituted e,g. with 1-3 substituent(s) as defined above, such as 
with a substituent R"= alkenyl, e.g. CH2=CH-, NH2, -OH, -COOH, -O-C(O)- 
CH==CH2 or-C(0)0-alkyl, non-limiting examples being R"-(CH2)2-20-N=N-C5^- 
cycloalkyl, wherein the cycloalkyl is suitably a saturated monocycle and R*' as de- 
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fined above. Representatives of the compounds (lib) and (He) are cyclohexylazo-n- 
hexadecyl-diazene and 4,4'-bis(cyclohexyla20-cyclohexyl)methane. 

In a fixrther suitable subgroup of the present compounds or e.g. in compoimds of 
formula (I'), (X)> (Da), (lib) or (He): (i) at one of the C-atom and Z3, as depicted in 
5 formula (I*), R2> R3 and/or R4 is a monovalent radical selected from optionally sub- 
stituted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkylal- 
kyl or optionally substituted heterocyclyl(0)s(aUqrl)„ as defined above, whereby 
each said ring as a group or as part of a group is saturated or partially saturated; 
such as saturated, ring system; and any remaining R2, R3 or R4 is a group or forms a 

10 group other than aryl or heteroaryl; preferably one of R3 and R4 is optionally substi- 
tuted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl 
or optionally substituted heterocyclyl(0)s(alkyl)„ as defined above, whereby each 
said ring as a group or as part of a group is saturated or partially saturated, such as 
saturated, ring system, and the other of R3 and R4 is alkyl or H, e.g, H, and R2, if 

15 present, is a bond or H, e.g. H; or 

(ii) at one of the C-atom and Z3, as depicted in the formula (I'), R3 and R4 form to- 
gether with said C-atom or, respectively, Z3, wherein they are attached to, an op- 
tionally substituted, saturated or partially saturated ring system, such as saturated or 
partially saturated cycloalkyl or heterocyclyl, suitably cycloalkyl, each of which 

20 may be optionally substituted, and R2, if present, is a bond, H or a monovalent radi- 
cal as defined above other than aryl, e.g. a bond or H, such as H; preferably R3 and 
R4 form together with said C-atom; or 

(iii) Z3-atom (as depicted in formula (F)) forms together wifli R2, if present, R3 and 
R4 a group -R'5([Zi-Z2-R6-]kZi-Z2-R5-H)t, each R's and R5 is independently option- 

25 ally substituted alkyl, optionally substituted alkyl intermpted with one or more N, O 
and/or S, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, 
optionally substituted cycloallcylalkylcycloalkyl, optionally substituted, saturated or 
partially saturated heterocyclyl, optionally substituted heterocyclylalkyl or option- 
ally substituted heterocyclylalkylheterocyclyl, whereby each said ring as a group or 

30 as part of a group is saturated or partially saturated, such as saturated, ring systen^ 
each R^ independently has a meaning as given for R's and Rs herein, each Zi and Z2 
are -N=N-, and k and t are as defined above, suitably t is 1 or 2, preferably 1; 

the "optional substituents" being as defined above; 
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or both the C-atom and Z3 are substituted as defined in one of (i)-(iii). Suitably the 
optional substituents in any of the above defined groups or in a moiety of said 
groups is as defined above except an aromatic ring, such as aryl and heteroaryl. 

In one alternative subgroup of the invention R2-R4 at the C-atom as depicted in for- 
5 mula (I') bear or form no aromatic ring systems, such as aiyl and heteroaryl. In an- 
other subgroup both at the C-atom and at Z3, as depicted in formula (I'), R2-R4 
bear or form no aromatic ring sj^tems, such as aiyl and heteroaryl. 

The terms onployed above or below under any of the givea formulae and under 
lists defining separately a substituent or a subgroup, mean in general as follows, 

10 unless otherwise stated: The term "alkyl", "alkenyl" and "alkynyl" as a group or as 
part of another group (such as in "arylaUcyl") include both straight and branched 
chain radicals of up to 50 carbon atoms, preferably up to 20 carbon atoms. Jn certain 
embodiments and, particularly, in case "alkyl", "alkenyl" and "alkynyl" are as part 
of another group, as "optional substituent(s)" for a given group or as Rg, they suita- 

15 bly contain up to 9, preferably up to 6 or 4, e.g. 1 or 2, carbon atoms. Furthermore, 
"Alkenyl" and "alkynyl" may have one or more double or, resp., triple bonds, e.g. 
one double or, resp., one triple bond, e.g. radical of 1-alkenyl. "Alkyl interrupted 
with a hetero atom" may have a one or more, suitably 1-5, such as 1, hetero atom. 
"Cycloalkyl" as a group or as part of another group is saturated or partially satu- 

20 rated mono-, bi-, or polycyclic carbocycle of 3-16, preferably of 5- 12 carbon atoms, 
suitably saturated monocyclic ring, such as cyclopentyl, cyclohexyl, cycloheptyl or 
cyclooctyl, or saturated bicyclic ring, such as a "monocycle" as defined above 
which is fiised with a saturated ring moiety of 5 lb 8 ring atoms, e.g. with cyclo- 
hexyl moiety. Alternatively, partially saturated "cycloalkyl" is as defined above for 

25 saturated cycloalkyl except that it contains e.g. one to two double or, resp., triple 
bond(s) in the ring structure thereof, whereby in case of a bicycle also systems 
wherein a saturated monocycle is fused with an aromatic ring moiety, e.g. benzo 
moiety, are covered. "Aryl" is phenyl ornaphthyl, preferably phenyl. "Heterocy- 
clyl" as used alone or as part of "heterocyclyl(0)s(alkyl)„" has 5 to 16 ring atoms 

30 with one to four heteroatoms selected firom N, O and/or S and can be mono-, bi-, or 
polycyclic, e.g. 5-6 membered monocyclic ring. Said heterocyclyl covers saturated 
or partially saturated heterocyclyls and aromatic heteiocyclyls, i.e. heteroaiyls. 

In FR use the compound of the invention can be added to the polymeric substrate 
alone or as a mixture of one or more compounds (I'). The amovmt is chosen in a 
35 manner known in the art so that an industrially acceptable flame retarding property 
is provided to the polymeric substrate. Naturally the "effective amount" varies de- 
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pending i.e. on the used polymeric substrate and use of application of the obtained 
flame retarded polymeric substrate and can be determined by a skilled person. As an 
example, amounts from 0. 1-20 weight-% based on the polymeric substrate, prefera- 
bly 0.1-10 wt-%. 

5 The present invention further provides a FR composition, comprising a polymeric 
substrate and an effective amoimt of a compound of formula (I'), (I) or 
(II)/(na)/(IIb)/(nc), or any mixture thereof. 

Furthermore, the compounds of the invention may be used as FR synergists in a 
mixture wifli one or more further PR's. Such mixtures are also covered by the com- 

10 position of the invention. It is possible, if desired, to combine the specific com- 
pounds (I) or (IIb)/(nc) with halogenated FR's, but preferably any fiirfher flame re- 
tardant used in the composition of the iavention is a non-halogenated FR. Exam- 
ples of the usable further FR's include NOR-hindered amines (see WO99/00450O), 
aluminixxm and boron compoxmds, such as aluminixmi trihydrate, magnesium hy- 

15 droxide, intumescent systems, e.g. expandable graphite. 

If synergistic mixtures with the other compounds (I*) or with further FR's other than . 
compounds (I') as described above are iised, then naturally lower amounts of a 
compound (I') are needed to achieve an effective FR effect. The term "effective 
amount'* includes also the lower amounts used in such synergistic mixtures. 

20 The polymeric substrates can be chosen from a wide variety of polymers including 
polyolefins, such as thermoplastic polyolefins, aromatic polyoleftns, e.g. polysty- 
renes, high impact polystyrene or ABS, polycarbonates, PVC, or polysaccharide 
based polymers, preferably polypropylene, polyethylene, thermoplastic polyolefin, 
ABS, polycarbonate and high impact polystyrene, as well as any copolymers, block 

25 polymers, graft polymers or any mixtures or blends fliereof. 

In the present FR method the present compound of the invention is/are added to the 
polymeric substrate and the admixture is further processed to aproduct of an end 
application. The addition can be effected at any stage, e.g. during the polymerisa- 
tion process of the polymer or during compounding. Alternatively, the conqpound of 
30 the invention can be incorporated to the backbone of a polymeric substrate or of 
part of a polymeric substrate, or of one or more polymeric coinponent(s) of the 
polymeric substrate. Grafting can be effected in a manner known in ttie art using 
compounds (ry(I) which comprise functionalities in the substituents R2-R4, e.g. 
double or triple bond(s), OH, -NH2, -COOH, which are reactive with the function- 
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alities of the polymeric material. Thus the compounds (I'VOD ^nd their use as FR 
cover also such embodiments, wherein they are incorporated chemically to a part or 
all of the polymeric material ("fimctionalised/grafted" polymeric material) of the 
polymeric substrate. 

S If polymeric substrate comprises two or more different polymeric materials, the 
compound(s) (lyO) can be combined by mixmg or grafting with one of the materi- 
als, and the rest be added to tiie obtained first composition. 

The term "A flame retardant composition'^ used herein cov^s any bulk polymeric 
material^ e.g. pellets, which is further processed to end products as well as the final 
10 applications, i.e. the end products. The flame retardant of the invention may thus be 
used i.a. for producing cables, fibres, textiles, films, laminates, polymer foams, elec- 
tronic consponents etc. 

Conventional additives other than flame retardants can also be added to the flame 
retardant composition of the invention in a conventional manner. Examples include 
15 UV absorbers, light stabilisers, antioxidants, colorants etc. 

The compounds of the invention can be prepared accordingly or analogously to 
wide variety of synthetic routes disclosed in the prior art. Some of the various 
methods are described below for certain preferred subgroups of the compounds. 

Compounds of interest include symmetrical azoalkanes. The symmetrical 

20 azoalkanes can be obtained by reacting sulfiiryl chloride with at least 2 equivalents 
of the suitable alkylamine, followed by oxidation of the obtained N,N'- 
dialkylsulfamide to the azoalkane. Suitable oxidizing agent include alkaline hy- 
pochlorite. 

Other compounds (r)/(I) of interest are imsyrametrical, optionally functionalised, 
25 azo compounds. These chemicals can be prepared by the skilled in the art by react- 
ing an optionally functionalised amine with an optionally fimctionalised N- 
substituted sulfamoyl chloride, and oxidizing the obtained sulfamide derivative to 
yield the desired unsymmetrical, optionally functionalised, azo compound. 

Azoalkanes can also be prepared by oxidation of the N, N'-dialkylhydrazine equiva- 
30 lent with copper (II) chloride, copper(II) acetate or mercury(II) oxide for example. 
When the azo fimctionality is part of a ring, the azo compoimd of interest is ob- 
tained from the oxidation of the cyclic hydrazine equivalent. 
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Another group of compounds (I'VOO of interest are hydrazines. Acyclic and cyclic 
hydrazines may be prepared by alkylation of N,N*difonnylhydrazine, diacetyl di- 
azene, bis(2-methyl-l-oxopropyl) diazene or di(ar)alkyl azodicarboxylate for in- 
stance, and subsequent hydrolysis, A possible alternative to the synthesis of hydra- 
5 zines is via the reduction of the corresponding azine, using a reducing agent such as 
lithium aluminum hydride or using catalytic hydrogenation techniques. 

Another group of con^oxmds (I')/(I) of interest are cyclic or acyclic hydrazones. 
Cyclic or acyclic hyrazones can be obtained from the condensation of a suitable 
carbonyl-containing compound such as aldehyde or ketone with a monosubstituted 
10 hydrazine. Hydrazones of particular interest are the tautomer equivalents to the azo 
compounds of interest 

Another group of compounds (I'VOO of interest consists of azines. Azines are pre- 
pared from the condensation reaction of identical or different carbonyl-containing 
compound such as aldehyde or ketone with hydrazine. 

15 Another group of compounds (ry© of interest are triazenes. Alkylation of azides 
with nucleophiles such as grignard reagents yields 1,3-disubstituted triazenes. 1,1,3- 
trisubstituted triazenes are obtained from further alkylation of 1,3-disubstituted tri- 
azenes under alkaline conditions. 

Another group of compounds (I*y(I) of interest is constituted of the oxides(s) of azo 
20 compounds, which includes diazene-N,N'-dioxide and diazene-N-oxide derivatives 
of the azo compounds. These compoimds can be synthesized by treatment of the 
corresponding azo chemicals with an oxidative agent such as peroxy acids or perox- 
ides. 

Another group of compoimds (I'VCD of interest is based on organic peroxides. Pro- 
25 duction of symmetrical or unsymmetrical organic peroxides can be prepared by the 
skilled in the Art via alkylation of hydroperoxides with for instance alcohols, olefins 
or halides. Of particular interest are the acyclic symmetrical or unsymmetrical 
di(ar)alkylperoxides, possibly substituted. 
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Examples 

The used reagents and starting material were commercially available or can be pre- 
pared with the methods described in the literature. 

Example 1 

5 

Under a nitrbgen atmosphere, a solution of 98.5% sulfuryl chloride (lO.OmL, 
121mmol) in 40 mL of dichloromethane was added dropwise at O^C to a solution of 
cyclohexylamine (30.0g, 303inmol) and triethylamine (84mL, 606nmiol) in ISQmL 

10 of dichloromethane. The reaction mixture was stirred 4 hours at 0°C, neutralized 

with water, and diluted in dichloromethane (SOOmL). The organic components were 
successively washed with diluted hydrochloric aqueous solution, NaHCOs aqueous 
solution and brine, dried (Na2S04), and concentrated under reduced pressure. The 
residue was suspended in ether, filtered through Btlchn^, and the precipitate 

15 washed two times with 100ml of ether to yield white crystals of N,N'- 
bis(cyclohexyl)sulfamide (14.0g, 45%). 

lOg of the N,N'-bis(cyclohexyl)sulfamide (BSmmol) were slowly added at 0°C to a 
solution of 10% aqueous NaOCl (114g, 153mmol) and NaOH (6,2g, 155mmol). 
The reaction mixture was stirred 3 hours at 60°C, cooled down to room temperature 
20 and diluted in SOOmL of dichloromethane. The organic components were succes- 
sively washed with water and an aqueous sodium bisulfite solution, dried (Na2S04), 
and concentrated under reduced pressure. The residue was purified by chromatogra- 
phy (silica gel; light petroletun ether/ ethyl acetate 20/1) to yield AA3 as yellow- 
white crystals (6.5g, 87%). 

25 NMR (CDC13, 8): 3.24 (m, 2H), 1.85-1.79 (m, 4H), 1.69-1.60 (m, lOH), 1.37- 
1.20 (m, 6H). '^C NMR (CDC13 6): 75.9; 30.7; 25.5; 24.3. Exact mass calcd for 
C12H22N2 requires m/z 194.1783, foimd 194.1784. 
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Example 2 




NaOCJ 
NaOH 

Under a nitrogen atmosphere, a solution of N-cyclohexylsulfamic acid (50g, 
5 279mmol) and PCI5 (58, Ig, 279nimol) in ISOmL of toluene was very gently war- 
med up to lOO^C and maintained at that temperature for 1 hour. Distillation of the 
solution yielded N-cyclohexylsulfamoyl chloride as a colorless solid (45.5g, 82%). 

A solution of 13.6g of the cyclohexylsulfamoyl chloride (69mmol) in lOOmL of di- ^ 
10 chloromethane was added imder argon atmosphere to a solution of 1- 

hexadecylamine (19.9g, 82mmol) and triethylamine (47.5mL, 34()mmol) in 300inL 
of dichloromethane. The reaction mixture was stirred 5 hours at O^C, neutralized 
with an aqueous Na2C03 solution and concentrated imder reduced pressure. The re- . 
sidue was taken up in dichloromethane (BOOmiL). The organic components were 
15 successively washed with diluted hydrochloric aqueous solution, NaHCOa aqueous 
solution and brine, dried (Na2S04), and concentrated imder reduced pressure. The 
residue was suspended in ether, filtered through Buchner, and the precipitate was 
washed two times with 100ml of ether to yield a white powder of N-cyclohexyl-N'- 
hexadecylsulfamide (21.8g, 79%). 

20 The N-cyclohexyl-JSI'-hexadecylsulfamide was oxidized to the cyclohexylazo-n- 
hexadecyl-diazene using basic bleach in a procedure similar to the one described 
above for the synthesis of azocyclohexane firom N,N'-bis(cyclohexyl)sulfamide. 

The cyclohexylazo-n-hexadecyl-diazene product is obtained as a yellow solid of 
low melting point, in a yield of 77% from 20.0g of N-cyclohexyl-N'- 
25 hexadecylsulfamide (50mmol). 
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*H NMR (C3DC13, 5): 3.70 (t, 'j=7.2 Hz, 2H); 3.30 (tt, ^J=5.2 Hz, 'j=5.1 Hz, IH); 
1.85-1.60 (m, 9H); 1.30-1.20 (m, 29H); 0.85 (t, ^J=7Hz, 3H). "CNMR (CDa3 5): 
76.0; 69.0; 31.9; 30.6; 29.7 (br.); 29.6; 29.6; 29.5; 29.4; 27.6; 27.2; 25.6; 24.3; 22.7; 
14.0. Exact mass calcd for C22H44N2 requires m/z 336.3504, found 336.3503. 

5 Example 3 



.era, 

NaOa 
KaOH 

4,4*-bis(cyclohexylazocyclohexyl)methane was prepared from cyclohexylsulfamoyl 
chloride and 4,4*-diaminodicyclohexylmethane following a similar multistep syn- 
thesis as the one used for the synthesis of cyclohexylazo-n-hexadecyl-diazene, in an 
10 overall yield of 26%. 

^HNMR (CDC13, 8): 3.1-33 (m, 4H); 0,90-1.85 (m, 40H). Exact mass calcd for 
C25H44N4 requires m/z 400.3566, found 400.3573. 

Comparison test: Flame Retardancy Testing 

The FR e£5cacy of the compoimds of the invention was tested with a commercially 
15 available NOR-hindered amine conipound Ciba® FLAMESTAB® NOR 1 16 (reac- 
tion product of N,N'-ethane-l,2-diylbis(l,3-propanediamine), cyclohexane, peroxi- 
dized 4"-butylamino-2,2,6,6-tetramethylpiperidine and 2,4,6-trichloro-l,3,5-tria2ine, 
available from Ciba), which represents the closest prior art: it is non-halogenated 
and known to be effective alone as FR and can be used in place of conventional 
20 halogenated PR's. 
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Polypropylene was blended with 0.1% by weight of calcium stearate, 0.2% of 
CDBA® Lrganox® B 501 and 0%, 0.25% or 0.5% of the test FR's. The blends were 
melt processed into fibres, spun into socks and subsequently compression molded 
into thin films. The FR efficacy was tested according to the known DIN 4102 Part 1 
Classification B2 test method* 

Table 1: results of a DIN 4102 test, fece ignition, (230 x 90nun samples) 



Formulation 


Average damaged area 
(cm2) 


Total burning time 
(sec.) 


Blank 


184 


32 


0.25%Flamestab NOR 
116 


55 


20 


0.50% Flamestab NOR 
116 


38 


21 


0.25% exarx^le 3 


28 


13 


0.50% example 3 


21 


8 


0.25% examtple 2 


39 


18 


0.50% example 2 


31 


13 


0.25% example 1 


39 


16 


0.50% example 1 


22 


10 
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Table 2: DIN 4102 test, edge ignition (190 x 90nmi samples) 



Fomnilation 


Average damaged length 
(mm) 


Total burning time 
(sec.) 


Blank 


190 


30.4 


0.25% Flamestab NOR 
116 


47 


11.0 


0.50% Flamestab NOR 
116 


46 


12.6 


0.25% exan^le 3 


37 


10.6 


0.50% exanqple 3 


45 


11.8 


0.25% example 2 


54 


15.8 


0.50% example 2 


45 


12.6 


0.25% example 1 


41 


11.6 


0.50% example 1 


41 


9.8 



From these experiments, it is clear that the compounds of the invention provide fire 
retardancy and self-extinguishing properties to polypropylene samples at very low 
concentrations. 
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Claims 



1 .Use of a compound of formula (I) 

R4R3R2C-Zi-Z2-Z3(R2)rR3R4 0) 

5 whereinZiand Z2 arebothNRi andZa is C orN; or Zi and Z2areboth O andZa is 
C; r is 0, when Z3 is N, and r is 1, when Z3 is C; 

the two Ri's form together a bond or each Ri is independently H or forms a bond 
together witib R2 present at the adjacent C-atom or, respectively, Z3; 

each R2 independently forms a bond or is a monovalent radical as defined for R3 
10 and R4 below; 

each R3 and R4 is independently a monovalent radical selected from H, optionally 
substituted alkyl, optionally substituted alkyl interrupted with one or more O, N 
and/or S atom(s), optionally substituted cycloalkyl, optionally substituted cycloal- 
kylalkyl, optionally substituted aryl, optionally substituted arylalkyl, optionally sub- 

15 stituted alkoxy(alkyl)n, optionally substituted aryloxy(alkyl)n, optionally substituted 
arylalkyloxy(alkyl)„, optionally substituted alkenyl, optionally substituted alkeny- 
oxy(alkyl)n, optionally substituted alkynyl, optionally substituted alkyny- 
loxy(alkyl)n, optionally substituted heterocyclyl(0)s(alkyl)n with one to four het- . • 
eroatoms selected independently from N, O and S; R-Y-C(0)-(alkyl)n orR-C(0)-Y-. 

20 (alkyl)n, wherein each R independently is H, alkyl, alkenyl, cycloalkyl, aryl or het- 
erocyclyl as defined above, each of which is optionally substituted, Y is O or NH; 

or at one or both of the C-atom and Z3, as given in the above formula (I), R3 and R4 
form together with said C-atom or, respectively, Z3, wherein they are attached to, an 
optionally substituted, saturated, partially saturated or aromatic, mono- or poly- 

25 cyclic ring system of 5 to 20 carbon and, optionally, hetero ring atoms, whereby the 
optional hetero ring atoms are selected from N, O and/or S; and R2 is a monovalent 
radical as defined for R3 and R4 above, or forms a bond between the C-atom and Zi 
or, respectively, between Z3 and Z2, or forms a bond in the ring system formed by 
R3 and R4 between said C-atom or, respectively, Z3, and a ring atom adjacent 

30 thereto; 



each s and n is independently 0 or 1; 
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or Z3 forms together with R29 if present, R3 and R4, which are attached thereto, a 
group -R'5([Zi-Z2-R6-]kZi-Z2-R5-H)t, wherein each R'5 and R5 is independently op- 
tionally substituted alkyl, optionally substituted alkyl interrupted with one or more 
N, O and/or S, optionally substituted cycloalkyl, optionally substituted cycloalky- 
5 lalkyl, optionally substituted cycloalkylalkylcycloalkyl, optionally substituted aryl, 
optionally substituted arylalkyl, optionally substituted arylalkylaryl, optionally sub- 
stituted heterocyclyl, optionally substituted heterocyclylalkyl or optionally substi- 
tuted heterocyclylalkylheterocyclyl, each R^ independently has a meaning as given 
for R'5 and Rs above, Zi and Z2 are each independently as defined above, t is 1-3 
10 and k is chosen so that the molecular weight of the resulting compound of formula 
(I) is within 200 to 10000 g/mol; 

or Z3 together with R2, if present, R3 and R4, which are attached thereto, represent a 
linking group -Rg- to form R2R3R4C-Zi-Z2-R8-[U]x which denotes a recurring struc- 
tural unit of a polymer, wherein Rg is a linking bond or alkyl, cycloallcyl, heterocy- 
15 clyl or aryl; 

U is a [-CH2-CR'-]x, or 

I 




; R' is H or alkyl and x is 2-500; 

or the two Rs's, as given in the above formula (I), form together with the -(R2R4)C- 
20 Zi-Z2-Z3((R2)rR4)- moiety an optionally substituted, saturated, partially saturated or 
aromatic, mono- or polycyclic ring system of 5 to 20 carbon and, optionally, further 
hetero ring atoms, whereby the fiirther hetero ring atoms are selected from one or 
two of N, O and/or S; and wherein Zi to Z3, r and R2 to R4 are as defined above; 

(a) with the proviso that in the compound of formula (I) at least at one of the C- 

25 atom and Z3 ^ as depicted in the above formula (I), R3 and R4 are independently other 
than H and R2 is H or a bond; and 

(b) the compound of formula (I) is selected from the following compounds of for- 
mulae (HHIV): 

a compoimd of formula (11) 



30 



R4R3R2C-NRrNRrCR2R3R4 (H) 
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wherein the two Ri 's form together a bond, or each K\ independently is H or forms 
a bond together with R2 present at the adjacent G-atom as defined above; 

a compound of formula (JH) 

R4R3R2C-NRrNRi-NR3R4 (m) 
5 wherein the two Ri 's form together a bond; or 
a compound of formula (IV) 

R4R3R2C-O-O-CR2R3R4 (IV) 
wherein in the above formulae (n)-(IV) Ri to R4 are defined as above; 

as well as use of an oxide of N as Z1-Z3, a salt, an e&ter or an amide thereof, or of a 
10 mixture of two or more compounds of formula (I) as defined above; 

as a flame retardant for a polymeric substrate. 

2. Use of claim 1 , wherein both at the C-atom and at the Z3-atom R3 and R4 are 
other than H and R2 is H or abond. 

3. Use of claim 1 or 2, wherein the compound (I) is acyclic and -Z1-Z2- is symmet- \ 
15 rically substituted. 

4. Use of claim 1 or 2, wherein the compound 00 is acyclic and -Zi-Z2- is unsym- [, 
metrically substituted. 

5. Use of any of the preceding claims, wherein the compound of formula (I) is the 
compound of formula (II) as defined in claim 1, preferably a compound of formula 

20 R4R3R2C-N=N-CR2R3R4 (Ha). 

6. Use of any of the preceding claims, wherein the compound of formula (11) is 
acyclic and R3 and R4 at the same C-atom forai together therewith an optionally 
substituted, saturated, partly saturated or aromatic, mono- or polycyclic ring system 
as defined in claim 1, preferably said rings are selected firom cycloalkyl or aryl 

25 which is unsubstituted or substituted with 1-3, e.g. 1, of -OH, -NH2, -COOH, alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, all<yl-C(0)-0-, al- 
kenyl-C(0)-0-, such as acrylate, and/or alkyl-O-C(O)-, whereby cycloalkyl and/or 
aryl moiety as or in said substituents is optionally substituted with alkenyl, such as 
CH2=CH-. 
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7. Use of any of the preceding claims, wherein Z3 forms together with R2,' R3 and 
R4, which are attached thereto, a group -R'5([ZrZ2-R6-]kZrZ2-R5-H)t as defined in 
claim 1, preferably each R'5 and R5 is independently optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally 
substituted aryl, optionally substituted arylalkyl, optionally substituted heterocyclyl 
or optionally substituted heterocyclylalkyl; each R^ independently is optionally sub- 
stituted alkyl, optionally substituted alkyl interrupted with one or more N, O and/or 
S, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, option- 
ally substituted cycloalkylalkylcycloalkyl, optionally substituted aryl, optionally 
substituted arylalkyl, optionally substituted arylalkylaryl, optionally substituted het- 
erocyclyl, optionally substituted heterocyclylalkyl or optionally substituted hetero- 
cyclylalkylheterocyclyl, each -Z1-Z2- are -NR1-NR1-, preferably -N=N-, t is 1 or 2, 
preferably 1, and k is as defined in claim 1. 

8. Use of any of the preceding claims, wherein the compoimd of formula (II) is se- 
lected from bis(cylcoalkylazocycloalkyl)alkane, cycloalkylalkylazoalkane, arylalky- 
lazoarylalkane, cycloalkylazoalkane, cycloalkylazocycloalkane, arylazoalkane and 
arylazoaryl compounds, preferably from bis(cylcoalkylazocycloalkyl)alkane, 
cycloalkylazoalkane or cycloalkylazocycloalkane, whereby any of the alkyl-, aryl-, 
arylalkyl-, cycloal]<yl- and cycloalkylalkyl is optionally substituted with 1-3 sub- 
stituents; for example azocyclohexane, cyclohexylazo-n-hexadecyl-diazene or 4,4'- 
bis(cyclohexylazo-cyclohexyl)methane. 

9. Use of any of the preceding claims, wherein the compound of formula (I) is a 
conxpoimd of formula (lib) 

R4R3R2C-N=N-CHR'3R'4 (Hb) 

wherein one or both of (R3 and R4) and (R'j and R'4) form together with said C- 
atom, wherein they are attached to, an optionally substituted, saturated, partially 
saturated or aromatic, mono- or polycyclic ring system as defined in claim 1, pref- 
erably said ring system is selected from phenyl, mono- or bicyclic cycloalkyl of 5- 
16 C-atoms or mono- or bicyclic heterocyclyl of 5-16 ring atoms with 1-4 N, O 
and/or S atoms; or each R3 and R4 and/or each R'3 and R'4 are independently H, al- 
kyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl or 
heterocyclylalkyl, wherein the cycloalkyl and heterocyclyl as a group or part of a 
group is mono- or bicyclic ring with 5-16 ring atoms; and R2 is H or a bond in said 
ring system between said C-atom and a ring atom adjacent fliereto; 
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or C-atom denotes together with H, R'3 and R%, which are attached thereto, a 
group -R'5([Zi-Z2-R6-]kZrZ2-R5-H)t as defined claim 1, preferably each R*5 and R5 
is independently alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl or 
heterocyclylalkyl; each R^ independently is alkyl, alkyl interrupted with one or 
5 more N, O and/or S, cycloalkyl, cycloalkylalkyl, cycloalkylalkylcycloalkyl, aryl, 
arylalkyl, arylalkylaryl, heterocyclyl, heterocyclylalkyl or heterocyclylalkylhetero- 
cyclyl, each -Zi-Za- are -NRi-NRr, preferably -N=N-, t is 1 or 2, preferably 1, and 
k is as defined in claim 1; whereby 

each group or a moiety of a group defined as variants for R3, R4, R*3, R*4, R's, R5 
10 and R^ optionally substituted independently with 1-3, e.g. 1, of -OH, -NH2, - 

COOH, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkyl- 
C(0)-0-, alkenyl-C(0)-0-, such as acrylate, and/or alkyl-O-C(O)-, whereby 
cycloalkyl and/or aryl moiety as or in said substituents is optionally substituted with 
alkenyl, such as CH2=CHs 

15 as well as an oxide(s) at the azo moiety, a salt, an ester or an amide thereof. 

1 0. A compoimd of formula (lie) 

R4R3R2C-N=N-CHR^R'4 (He) 

wherein R3 and R4 form together with said C-atom, wherein they are attached to, aii 
optionally substituted, saturated or partially saturated, mono- or polycyclic ring sys- . 

20 tern as defined in claim 1, preferably said ring system is selected fi-om mono- or bi- = 
cyclic cycloalkyl of 5-16 C-atoms or mono- or bicyclic heterocyclyl of 5-16 ring at- 
oms with 1-4 N, O and/or S atoms; or each R3 and R4 are independently alkyl, al- 
kenyl, alkynyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl or hetero- 
cyclylalkyl, wherein the cycloalkyl and heterocyclyl as a group or part of a groiq> is 

25 mono- or bicyclic ring with 5-16 ring atoms; or R3 is H and R4 is as defined above; 
and R2 is H or a bond in said ring system between said C-atom and a ring atom ad- 
jacent thereto; 

and C-atom denotes together with H, R's and R'4, which are attached thereto, a 
group -R*5([Zi-Z2-R6-]kZrZ2-R5-H)t, wherein each R'5 and R5 is independently al- 
30 kyl, alkyl interrupted with one or more O, N and/or S, cycloalkyl, cycloalkylalkyl, 
arylalkyl, heterocyclyl or heterocyclylalkyl; each R^ independently is alkyl, alkyl 
interrupted with one or more N, O and/or S, cycloalkyl, cycloalkylalkyl, cycloalky- 
lalkylcycloalkyl, arylalkyl, arylaUQ^laryl, heterocyclyl, heterocyclylalkyl or hetero- 
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cyclylalkylheterocyclyl, each -Z1-Z2- are -NRi-NRr, preferably — N=N-, t is 1 or 2, 
preferably 1, and k is as defined in claim 1; whereby 

each group or a moiety of a group defined as variants for R3, R4, R'a, R'4, R'5, R5 
and R^ is optionally substituted independently witih 1-3, e.g. 1, of -OH, -NH2, - 
5 COOH, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, alkyl- 
C(0)-0-, alkenyl-C(0)-0-, such as acrylate, and/or alkyI-0-C(0)-, whereby 
cycloalkyl and/or aryl moiety as or in said substituents is optionally substituted with 
alkenyl, such as CH2=CH-; 

as well as an oxide(s) at the azo moiety, a salt, an ester or an amide thereof; 

10 with the proviso that in the compounds (He), (a) R5 is other than methyl, and (b) 
when R's is other than triazine, then the bridge formed by R^ moiety between the 
two successive — Z1-Z2- moieties separates said two -Z1-Z2- moieties by 4 or more 
bridge atonfis. 

11. A compound of claim 10, which is 4,4'-bis(cyclohexylazo-cyclohexyl)methane. 
IS 12. A flame retardant composition, which comprises 

(a) a polymeric substrate, and 

(b) an effective amount of a compound of formula (I) or a compound of for- 
mula (nb) or (He) as defined in any of claims 1-11 or a mixture thereof 

' 13. A method of flame retarding a polymeric substrate, wherein an effective flame 
20 retarding amomt of the compound of formula (I) or a compound of formula (lib) or 
(He) as defined in claim 1-1 1 or a mixture thereof is added to the polymeric sub- 
strate. 

14. A flame retardant composition, which comprises 
(a) a polymeric substrate, and 
25 (b) an effective andount of a compound of formula (!') 

R4R3R2C-Zi-Z2-Z3(R2)rR3R4 (I') 



wherein Zi and Z2 are both NRi and Z3 is C or N; or Z] and Z2 are both O and Z3 is 
C; r is 0, when Z3 is N, and r is 1, when Z3 is C; 
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the two Ri's form together a bond or each K\ is independently H or forms a bond 
togeflier with R2 present at the adjacent C-atom or, respectively, Z3; 

each R2 independently forms a bond or is a monovalent radical as defined for R3 
and R4 below; 

5 each R3 and R4 is independently a monovalent radical selected firom H, optionally 
substituted alkyl, optionally substituted alkyl interrupted with one or more O, N 
and/or S atom(s), optionally substituted cycloalkyl, optionally substituted 
cycloalkylalkyl, optionally substituted aryl, optionally substituted arylalkyi, 
optionally substituted alkoxy(alkyl)„, optionally substituted aryloxy(alkyl)n, 

10 optionally substituted arylalkyloxy(alkyl)„, optionally substituted alkenyl, 

optionally substituted alkenyoxy(alkyl)„, optionally substituted alkynyl, optionally 
substituted alkynyloxy(alkyl)n, optionally substituted heterocyclyl(0)s(alkyl)n with 
one to four heteroatoms selected independently from N, O and S; R-Y-C(0)-(alkyl)„ 
or R-C(0)-Y-(alkyl)n, wherein each R independently is H, alkyl, alkenyl, 

15 cycloalkyl, aryl or heterocyclyl as defined above, each of which is optionally substi- 
tuted, Y is O or NH; each s and n is independently 0 or 1; 

or at one or both of the C-atom and Z3, as given in the above formula (T), R3 and R4 
form together with said C-atom or, respectively, Z3, wherein they are attached to, an 
optionally substituted, saturated, partially saturated or aromatic, mono- or poly- 

20 cyclic ring system of 5 to 20 carbon and, optionally, hetero ring atoms, whereby the 
optional hetero ring atoms are selected fix>m N, O and/or S; and R2 is a monovalent 
radical as defined for R3 and R4 above, or forms a bond between the C-atom and Zi 
or, respectively, between Z3 and Z2, or forms a bond in the ring system formed by 
R3 and R4 between said Q-atom or, respectively, Z3, and a ring atom adjacent 

25 thereto; 

or Z3 forms together with R2, if present, R3 and R4, which are attached thereto, a 
group -R'5([Zi-Z2-R6-]uZi-Z2-R5-H)t, wherein each R'5 and Rsis independently op- 
tionally substituted alkyl, optionally substituted alkyl intermpted with one or more 
N, O and/or S, optionally substituted cycloalkyl, optionally substituted cycloalky- 
30 lalkyl, optionally substituted cycloalkylalkylcycloalkyl, optionally substituted aryl, 
optionally substituted arylalkyi, optionally substituted arylalkylaryl, optionally sub- 
stituted heterocyclyl, optionally substituted heterocyclylalkyl or optionally substi- 
tuted heterocyclylalkylheterocyclyl, each R^ independently has a meaning as given 
for R's and R5 above, Zi and Z2 are each independently as defined above, t is 1-3 
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and k is chosen so that the molecular weight of the resulting conq}ound of formula 
(Q is within 200 to 10000 g/mol; 

or Z3 together with R2, if present R3 and R4, which are attached thereto, represent a 
linking group -R«- to fonn R2R3R4C-Zi-Z2-R8-[mx which denotes a recurring struc- 
tural unit of a polymer, wherein Rg is a linking hond or alkyi, cycloallQrl, heterocy- 
clyl or aryl; 

U is a [-CH2-CR'-]x, or 
I 



; R' is H or alkyl and x is 2-500; 



10 or the two Rz% as given in the above fonnula (I), form together with the -(R2R4)C- 
Zi-Z2-Z3((R2)rR4)- moiety an optionally substituted, saturated, partially saturated or 
aromatic, mono- or polycyclic ring system of 5 to 20 carbon and, optionally, further 
hetero ring atoms, whereby the further hetero ring atoms are selected jfrom one or 
two of N, O and/or S; and wherein Zi to Z3, r and R2 to R4 are as defined above; 

1 5 and the compound of formula (V) is selected from the compounds of formulae (IT)- 
(IV): 

a compound of formula (II) 

R4R3R2C-NR1-NR1-CR2R3R4 (H) 

wherein the two Ri 's form together a bond, or each Ri independently is H or forms 
20 a bond together with R2 present at the adjacent C-atom as defined above; 

a compound of fonnula (III) 

R4R3R2C-NRrNRrlSCRL3R4 (IH) 

wherein the two Rj *s form together a bond; or 

a compound of formula (IV) 

25 R4R3R2C-O-O-CR2R3R4 (IV) 



wherein in the above formulae (n)-(IV) Ri to R4 are defined as above; 
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as well as an oxide of N as Z1-Z3, a salt, an ester or an amide thereof, or a mixture 
of two or more compounds of formula (I") as defined above; and 

(c) optionally an effective amount of a further flame retardant other than the com- 
pound of formula (I'), 

5 with the proviso that any optional fiirther flame retardant is other than a halogenated 
flame retardant compound. 

15. A composition of claim 14, wherein the conq;>ound of formula (I') is a com- 
pound of formula (I) or a compound of formula (lib) or (He) as defined in any of 
claims 1-11. 

10 16. A composition of claim 14 or IS, which comprises a synergistic mixture of the 
compound of formula of (I') and one or more further FR selected fi*om a non- 
halogenated N-hydrocarbyloxy substituted (NOR) hindered axnine flame retardant, 
aluminium compoxmds, such as aluminium trihydrate, boron compounds, magne- 
sium hydroxide and/or intumescent systems, e.g. expandable graphite. 



15 



(57) Abstract 



The present invention is directed a method of flame retarding a polymeric substrate 
using a specific group of azo and peroxide derivatives as flame retardants, to flame 
retardant compositions as well as to novel azo compounds usable as flame retarding 
compoimds 
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